Premature pubarche, or the development of pubic hair before the age of 8 in girls or 9 in boys, is most commonly caused by premature adrenarche. Adrenarche is the maturation of the adrenal zona reticularis in both boys and girls, resulting in the development of pubic hair, axillary hair, and adult apocrine body odor. Although originally thought to be a benign variant of normal development, premature adrenarche has been associated with insulin resistance and the later development of metabolic syndrome and polycystic ovary syndrome. Although further studies are needed to confirm these relationships, the case presented herein argues for periodic assessment of children at risk. Indeed, recognition of these associations may allow for early preventive measures. A drenarche is the normal maturation of the zona reticularis (ZR) in both boys and girls, resulting in the development of pubic hair, axillary hair, and adult apocrine body odor. These physical changes are preceded by biochemical adrenarche, which has been described to begin physiologically as early as ages 5-6 yr (1) and consists of increased ZR production of ⌬5 steroids, principally dehydroepiandrosterone (DHEA) and DHEA sulfate (DHEAS).
but are usually consistent with early puberty or Tanner II-III pubic hair. Smaller elevations are noted for testosterone and ⌬4-androstenedione (⌬4-A). There may be modestly increased growth velocity and skeletal age (consistent with height age), but pubertal timing and adult height are usually unaltered (4, 5, (7) (8) (9) .
Although PA was formerly thought to be a variant of normally timed adrenarche, studies support an association between PA and a history of being small for gestational age and having low birth weight (10) , as well as an association with obesity (11) . In girls with PA and a history of low birth weight, a 3-fold increase in menarche before age 12 yr has been reported (12) .
PA is also associated with a risk of polycystic ovary syndrome (PCOS) and metabolic syndrome (MeS). Metabolic abnormalities reported in prepubertal children with PA include insulin resistance (IR) (13) (14) (15) , hyperinsulinism (16) , increased free IGF-1 (15, 17) and plasminogen activator inhibitor 1 (18) , and lower IGF binding protein-1 (IGFBP-1) (15, 16) . It has been suggested that in prepubertal girls with PA, plasminogen activator inhibitor 1 levels can predict progression to PCOS (18) .
Despite these preliminary data, it is not known which children with PA are most at risk of developing MeS or PCOS. Thus, although PA is frequently a benign process, the diagnosis must carry a heightened suspicion for future metabolic and endocrine abnormalities.
The following patient description will serve to outline the evaluation of the young girl with early onset of pubic hair. We will describe clinical, biochemical, anthropometric, and body composition measures over the period of time from early childhood to late adolescence in a girl with PA. We will also describe management issues, including current controversies regarding treatment modalities.
Case History
Age 5 4 ⁄12 yr EA ("Early Adrenarche") is a 5 4 ⁄12-yr-old Caucasian girl referred for evaluation of apocrine body odor. She was born full-term and weighed 7 pounds [3175 g; ϳ30th percentile for sex (19) ] at birth. There were no pregnancy complications, including gestational diabetes, and the 17-hydroxyprogesterone (17OHP) newborn screen for congenital adrenal hyperplasia (CAH) was normal. She has grown consistently along the 75th percentile for height, corresponding to the 40th percentile for midparental sexadjusted target height, but has recently increased her growth velocity to 3.2 cm in 4 months. She has previously plotted in the 50th-75th percentile for weight, but in the past 4 months has plotted in the 75th-90th percentile (Fig.   1 ). She has not been exposed to lice treatments (tea tree oils), lavender oil, or estrogen sprays or creams and has not increased her intake of soy.
EA's parents are both of Ashkenazi Jewish heritage. Her mother is 5 feet, 7 inches tall (170.2 cm) and her father is 6 feet tall (183 cm). Midparental sex-adjusted target height is 5 feet, 7 inches. Her mother had menarche at age 12 6 ⁄12 yr. The patient's father was treated for severe acne at age 14 yr, had his growth spurt at 15 yr, and developed frontal balding at 30 yr. EA's 12-yr-old sister has just reached menarche, and her 9-yr-old brother is prepubertal. The patient's review of systems is negative for excessive thirst or urination, history of diabetes, or headaches.
On examination, EA's height is 116 cm (Ϸ90th percentile), weight is 22.5 kg (Ϸ90th percentile), and body mass index (BMI) is 16.7 kg/m 2 (83rd percentile). Her blood pressure is 106/70 mm Hg. Funduscopic and thyroid exams are normal. She has no glandular breast tissue (Tanner I). She has faint pubic down on the mons pubis, with sparse curly hairs along the labia majora (Tanner II) and perirectal hairs. Her clitoris is 0.5 cm by 0.3 cm, her posterior labia minora are not fused, and her vagina mucosa is shiny, pink-red, and nonestrogenized. She has no axillary hair, but does have adult-like apocrine odor. Her neurological exam is grossly normal, and she has no areas of skin hyper-or hypopigmentation. The results of the patient's initial evaluation (Table 1 ) include a bone age of 5 10 ⁄12 to 6 10 ⁄12 yr, consistent with her height age. Blood work drawn at 0730 h reveals 17OHP of 90 ng/dl, ⌬4-A of 66 ng/dl, DHEA of 120 ng/dl, DHEAS of 80 g/dl, testosterone of 8 ng/dl, FSH of 1 mIU/ml, and LH of 0.12 mIU/ml. Fasting serum lipids demonstrate elevated triglycerides, a fasting glucose-to-insulin ratio (FGIR) of 6.5 [normal, Ͻ 7 (20)], fasting glucose of 98 mg/dl, and fasting insulin of 15 IU/ml.
Age 10 9 ⁄12 yr
EA has been seen every 6 months by her pediatrician and has continued to grow along the 75th-90th percentile for height and 90th percentile for weight. Her pubic hair was Tanner stage III-IV by age 9 yr. Tanner stage II breast tissue was noted at age 9 6 ⁄12 yr. She had menarche this week and has again been referred to you.
At this visit, EA's height is 150 cm (Ϸ90th percentile), weight is 48 kg (Ϸ90th percentile), BMI is 21.3 kg/m 2 (Ϸ90th percentile), waist circumference is 70 cm [Ϸ75th percentile (21)], and blood pressure is 110/70 mm Hg. She has a fine moustache, greasy facial skin with comedones, and two pustules on her chin. She has Tanner IV breasts and pubic hair, with mild periareolar, periumbilical, and perirectal hair. The examination is otherwise normal.
EA's height age is 11 9 ⁄12 yr, her bone age is 12 6 ⁄12 yr, and her estimated adult height is 64.5 Ϯ 2 inches according to the tables of Bailey and Pinneau, which is the 15th percentile for midparental sex-adjusted target height. Her fasting lipid profile demonstrates dyslipidemia (Table 1) . Her FGIR has decreased to 4.5, and her oral glucose tolerance test (oGTT) reflects moderate hyperinsulinemia (22). She has high-normal adrenal and ovarian androgens for Tanner stage with normal gonadotropins.
The patient chooses to participate in an Institutional Review Board-approved body composition protocol. Dual-energy x-ray absorptiometry (DEXA) reveals 35% body fat [Ϸ98th percentile for age, sex, and ethnicity (23)] with increased trunk fat. Measures obtained by magnetic resonance spectroscopy for intramyocellular lipid content (IMCL) and intrahepatic lipid (IHL) content are increased compared with her age-matched peers.
Age 16 6 ⁄12 yr
EA has been seen two times per year for the past 6 yr. After menarche, she had irregular cycles (every 2-4 months). Transabdominal ultrasound of the pelvis showed 4-cc ovaries with multiple peripheral follicles. At the age of 12 9 ⁄12 yr, after 2 yr of persistently irregular cycles and increasing hyperinsulinemia, she was started on extended release metformin at a dose of 500 mg/d for 1 wk and increased to 1000 mg/d thereafter. Menses now occur every 4 -5 wk.
EA has followed a Mediterranean diet (low glycemic index, low carbohydrates, high grain and fiber content). She does aerobic and resistance exercises three times per week. She reports continued acne, for which she uses topical drying agents. She is upset about her body and facial hair and regularly undergoes laser hair removal with significant improvement.
Her acne and hirsutism, a negative family history for clotting disorders is confirmed.
Discussion
EA's course from childhood through midadolescence is representative of a child who presents with PA. Her clinical findings will be discussed in detail after a review of the pathophysiology, evaluation, and clinical spectrum of adrenarche.
Adrenal development
The early adrenal cortex consists of the fetal zone, which involutes completely by the end of the first year of life (1), and the definitive zone, which persists and compartmentalizes to become the mature adrenal cortex.
The fetal zone is ACTH-dependent (24, 25) and becomes the primary site of fetal steroidogenesis at around 16 -20 wk of gestational age. The outer portion of the fetal zone, termed the transitional zone, is the site of fetal cortisol synthesis. The fetal zone also produces DHEA, a precursor for the fetal estrogens required to sustain pregnancy, and DHEAS. The fetal zone involutes rapidly after birth (24, 26), and DHEA and DHEAS levels decline with postnatal regression of the fetal zone and remain low until adrenarche (27).
The definitive zone, or neocortex, begins as a narrow band of cells outside the fetal zone and continues to grow into the postnatal period, when it is remodeled to become the adult adrenal cortex (25). The adrenal medulla, meanwhile, is populated by neural crest cells concurrent with encapsulation of the adrenal. The neural crest cells differentiate into catecholamine-producing chromaffin cells that persist as medullary islands until birth, when they coalesce to form the immature medulla (27).
Postnatally, the adrenal cortex is remodeled to consist of continuous bands of zona glomerulosa and fasciculata cells. Islands of reticularis cells appear around the age of 3 yr and eventually coalesce to form a continuous ZR at 6 -8 yr of age, concurrent with the beginning of biochemical adrenarche. The ZR continues to expand from adrenarche through early adolescence, peaking at around age 13 (1).
Classical steroid pathways in DHEA and DHEAS synthesis
The biochemical hallmark of adrenarche is increased production of DHEA and DHEAS by the ZR without a concomitant rise in cortisol. DHEA and DHEAS are produced in the ZR via the ⌬5 pathway of steroidogenesis, and DHEA may be converted to ⌬4-A (Fig. 2 ).
CYP11A1 (P450scc)
The first committed step in adrenal steroidogenesis is the conversion of cholesterol to pregnenolone by the cholesterol side-chain cleavage enzyme, CYP11A1 (P450scc), which is expressed throughout the adrenal cortex. CYP11A1 is regulated acutely by the steroidogenic acute regulatory protein, which mediates the transfer of cholesterol into the inner mitochondrial membrane (28, 29) and chronically via transcriptional regulation (29). CYP11A1 expression does not change with adrenarche (30).
CYP17 (P450c17)
Qualitative regulation of steroidogenesis occurs via CYP17 (P450c17), which has a dual enzymatic role in the adrenal: 17␣-hydroxylation of pregnenolone and progesterone, and 17,20-lyase activity on their 17-hydroxy derivatives (31). Both the 17␣-hydroxylase and 17,20-lyase actions of CYP17 are required to produce adrenal androgens, and the relative efficiency of these two reactions helps to determine the types of steroids produced. In young children, the 17␣-hydroxylase activity of CYP17 produces cortisol, but 17,20-lyase activity (and thus androgen production) is low. During adrenarche, an increase in 17,20-lyase activity leads to increased DHEA and DHEAS production (32).
Several factors influence the balance of 17␣-hydroxylase and 17,20-lyase activity of CYP17. The flavoprotein P450 oxidoreductase (POR) transfers electrons from reduced NADPH (nicotinamide adenine dinucleotide phosphate) and is required for both functions of CYP17 (33). In vitro, as the ratio of POR to CYP17 increases, 17,20-lyase activity is preferentially enhanced, leading to DHEA production (34). The 17,20-lyase activity of CYP17 is also augmented by cytochrome b5 (b5, CYB5), an allosteric effector of the CYP17-POR interaction (35-37).
Finally, the 17,20-lyase activity of CYP17 is enhanced by phosphorylation of serine and threonine residues by a cAMP-dependent protein kinase (38) and decreased by dephosphorylation via protein phosphatase 2A (39). CYP17 phosphorylation has been suggested as a possible link between the adrenal hyperandrogenism and IR in PA and PCOS (38) because serine phosphorylation of the insulin receptor has been shown in vitro to cause IR (40, 41).
3␤HSD2
The balance of adrenal androgen production is also affected by 3␤-hydroxysteroid dehydrogenase type 2 (3␤HSD2), which catalyzes the conversion of DHEA to ⌬4-A (31, 42). This conversion diverts adrenal androgens from the ⌬5 pathway, which produces DHEA and DHEAS, to the ⌬4 pathway, which produces ⌬4-A. Recent in vitro evidence has shown that 3␤HSD2 is inhibited by cortisol, raising the possibility that rising intraadrenal cortisol levels may play a role in the initiation of adrenarche (43) . Peripheral conversion of ⌬4-A produces the potent androgens testosterone and dihydrotestosterone. During adrenarche, expression of 3␤HSD2 in the ZR decreases (37, 44), increasing adrenal production of DHEA and DHEAS relative to ⌬4-A.
SULT2A1
The final step in the ⌬5 pathway is the conversion of DHEA to DHEAS via DHEA sulfotransferase (SULT2A1) (31, 45). SULT2A1 expression increases during adrenarche in association with maturation of the ZR (37). Sulfation limits the pool of DHEA available for conversion to more potent androgens, and defects in sulfation have been associated with PA (45) .
Clinical findings

Hyperinsulinemia and IGF-1
Decreased insulin sensitivity is a key component of MeS (46, 47) . Numerous studies have demonstrated diminished insulin sensitivity in children with PA (13, 14, 16, 20, 48). Of note, Ibáñ ez et al. (49) have also reported that, in a population of Spanish girls, first-degree relatives of girls with PA were at greater risk for impaired glucose tolerance and type 2 diabetes.
In a small group of prepubertal girls with PA, Ibáñ ez et al. (48) reported that girls with PA had increased mean serum insulin levels and increased early insulin response to oGTT; however, PA subjects had a higher average BMI than controls. No comparison was made between obese and nonobese PA girls (16, 48) . Denburg et al. (13) demonstrated decreased insulin sensitivity on oGTT and elevated IGF-1 levels independent of obesity in prepubertal boys with PA, although this was not seen in a cohort of lean Spanish boys (10) .
In vitro, both IGF-1 and insulin have been shown to potentiate LH-stimulated androgen synthesis in rat (50) and human (51) theca-interstitial cells, suppress SHBG production in hepatoma cell lines (52) , and induce steroidogenic enzymes in cultured human adrenocortical cells (25, 53). Additionally, both women with PCOS and patients with PA have decreased levels of IGFBP-1, which are inversely correlated with fasting insulin levels and ACTH-stimulated adrenal steroid levels (16) .
Taken together, these findings suggest a link between IR, IGF-1, and the hyperandrogenemia of PA and PCOS (Fig. 3 ) (17) . Some authors have proposed that hyperinsulinemia is the inciting event in a cascade leading to hyperstimulation of ovarian and/or adrenal androgen synthesis, such that in some populations, IR and hyperandrogenism are causally related (53, 54) .
Obesity
Although there appears to be an association between obesity and PA (11), the exact nature of this relationship is unclear. A small study found that obese African-American and Caribbean Hispanic adolescent females with a history of both childhood obesity and PA were hyperandrogenic and hyperinsulinemic (55, 56) . The emerging picture based on limited studies of prepubertal Hispanic and African-American girls with PA is that most obese girls with PA have decreased insulin sensitivity compared with nonobese girls with PA (15, 17, 20, 57) . Additional data are needed regarding other ethnic groups. Recently, Marshall's group (58) has demonstrated that obesity in the prepubertal and early pubertal child may enhance LH secretion and ovarian androgen production, providing additional evidence linking obesity and hyperandrogenism.
PCOS and/or functional ovarian hyperandrogenism
In a cohort of Catalan girls with a history of PA, nearly half of the postpubertal females with a history of PA had hirsutism, oligomenorrhea, and/or elevated androgen levels (16, 59, 60) . Patients with a history of PA and low birth weight also had an increased prevalence of anovulatory cycles (10, 61) . However, none of these results were analyzed with respect to the impact of obesity. In contrast, in a cohort of pubertal Finnish females with a history of childhood PA, no hyperandrogenism was observed (9) .
It is difficult to assess what proportion of girls with PA progress to PCOS, in part due to multiple consensus statements for the diagnosis of PCOS (62, 63) . We have suggested that a definitive diagnosis of PCOS in adolescents should not be made until at least 2 yr after menarche and should require the presence of hyperandrogenism, chronic anovulation, and polycystic ovaries. In addition, we have suggested that hyperandrogenism be defined as hyperandrogenemia and that clinical findings such as acne or alopecia should be discounted, with the exception of documented progressive hirsutism (64) .
Lipid abnormalities
Dyslipidemia, including increased triglycerides and low high-density lipoprotein, is a component of MeS in both adults and children and portends future risk of type 2 diabetes (65, 66) . Dyslipidemia has been demonstrated in girls with PA and a history of PA, primarily manifested by hypertriglyceridemia (48) . Gü ven et al. (67) demonstrated higher mean total cholesterol, low-density lipoprotein (LDL), VLDL (very low-density lipoprotein), and atherogenic index in prepubertal Turkish girls with PA than in controls, and Denburg et al. (13) have shown a trend toward higher triglycerides in a BMI-adjusted analysis of prepubertal boys with PA. Although another study showed no difference in lipoprotein (a) levels between prepubertal girls with PA and controls, pubertal girls with a history of PA had significantly higher lipoprotein (a) levels than their age-matched peers (68) .
Although dyslipidemia represents an independent risk factor for cardiovascular disease, an additional question is the extent to which abnormal lipid deposition within the tissues may contribute to IR and type 2 diabetes. Although the relationship between IR and body composition, particularly abdominal fat, IMCL, and IHL, is just beginning to be investigated, preliminary results have yielded interesting hypotheses regarding the origin of IR in these patients. Indeed, the "adipose-tissue expandability hypothesis" argues that IR in obesity and other disorders, including PCOS, is attributable to lipotoxicity due to the inability to expand adipose tissue in a metabolically safe manner (69) . The relationship between IR and PA is currently being investigated.
Bone mineral density and body composition
To date, three reports have addressed body composition in exclusively prepubertal populations with PA (70 -72). Our group has found increased bone mineral content and bone mineral density using DEXA in prepubertal girls with PA, compared with control subjects (71) .
We have also found increased IMCL in PA girls compared with controls, but no difference in visceral adipose tissue (VAT), abdominal SAT (subcutaneous adipose tissue), or VAT:SAT ratio. Of note, however, this population consisted of a very small group of six girls with PA and eight controls (70) .
The critical question with respect to body composition in PA is its relationship with IR and risk for MeS. Ibáñ ez et al. (73) have evaluated body composition by DEXA in prepubertal and adolescent girls (aged 6 -18 yr) with a history of PA. Although BMI did not differ between PA and control girls, those with PA had greater total and trunk fat mass in the prepubertal and pubertal periods. Furthermore, trunk fat mass showed an independent and significant positive relationship with fasting insulin and free androgen index (73) . In a group of adolescent girls and young women with varying degrees of hyperandrogenism, hyperinsulinism, and anovulation, Ibáñ ez et al. (74 -77) found that short-term therapy with metformin or a metformin-flutamide combination resulted in decreased fat mass, increased lean body mass, and improved androgens, insulin sensitivity, and serum lipids without a change in overall body mass.
Differential diagnosis
Premature adrenarche must be distinguished from a number of other benign and pathological conditions ( Table 2) .
Premature pubarche without elevated androgens
Although PA is the most common cause of premature (or precocious) pubarche (PP), the latter occasionally occurs in isolation, without a concomitant rise in adrenal androgens. Bone age is not advanced in isolated PP, and growth velocity is not accelerated for age. It has been speculated that these individuals have an increased receptor sensitivity to low circulating levels of androgens (78) .
Precocious puberty
Precocious puberty may be central (also called gonadotropin-dependent precocious puberty) or peripheral (also termed gonadotropin-independent). Central precocious puberty (CPP) is generally complete and may be idiopathic, while peripheral precocious puberty is often incomplete and always pathological in nature. Precocious puberty is more common in girls by a ratio of 5:1, and idiopathic CPP by 9:1 (79). However, in girls 80% of precocious puberty is idiopathic, while approximately two thirds of males with precocious puberty have central nervous system pathology (79, 80) .
Idiopathic CPP may present with pubic or axillary hair but is differentiated clinically from PA by the presence of breast or testicular development. It is caused by early maturation of the hypothalamic-pituitary-gonadal axis and is more common in African-American children compared with their Caucasian or Hispanic peers (81, 82) . Androgens (and sometimes estradiol) are elevated for age, and gonadotropins are in the early pubertal range. Bone age and growth velocity are accelerated, which may lead to reduced adult height (83, 84) . Of note, prior exposure to elevated serum androgens (e.g. virilizing tumors, untreated CAH) may result in CPP due to early maturation of the hypothalamus (85, 86) . For a review of precocious puberty, please refer to Carel and Léger's article (87) .
Nonclassical CAH (NC-CAH)
NC-CAH may also present with PP. Estimates of the proportion of cases of PP due to NC-CAH vary widely, from 0 to 40% (53) , although these differences may be due to ethnic differences between study populations. NC-CAH is the result of mild deficiencies in the same enzymes responsible for classical CAH, namely 21-hydroxylase, 11-hydroxylase, or 3␤HSD2. These deficiencies are typically not sufficient to cause an abnormal newborn screening for CAH; i.e. in nonclassic 21-hydroxylase deficiency, basal 17OHP levels shortly after birth are within normal limits. The diagnosis is suspected when androgens are elevated in the presence of prepubertal gonadotropins. Accelerated height velocity and a moderate increase in bone age raise suspicion for NC-CAH, as do marked virilization (clitoral or penile growth) or early development of cystic acne (88) . Clinical variables, however, have poor predictive value for distinguishing NC-CAH from idiopathic PA (89) .
The diagnosis of NC-CAH is confirmed when elevated levels of the appropriate precursor steroids are noted after ACTH stimulation. However, there is ongoing controversy regarding which children with PP should receive ACTH stimulation testing. Those for whom there is a heightened index of suspicion, and therefore greater indication for testing, include children with elevated basal androgens, bone age advancement greater than 1-2 yr above chronological age, or virilization in the absence of true puberty. Early morning basal 17OHP above 200 ng/dl is 100% sensitive and 99% specific for NC-CAH (89). T, Testosterone; 1, increased; 2, decreased; 1 1, markedly increased; 2 2, markedly decreased; 7, normal for age.
Virilizing tumors
Virilizing adrenal or gonadal tumors are a rare cause of PP. Clinically, these tumors may present with rapidly progressive and/or exaggerated symptoms of virilization, such as clitoral enlargement or rapid penile growth. Growth velocity is notably accelerated, and bone age is advanced and rapidly progressive. Serum androgens are markedly increased, while gonadotropins are prepubertal or suppressed (79) . Serum ␤-human chorionic gonadotropin (hCG), which acts at gonadal LH receptors to stimulate testosterone production, may be elevated in hCG-producing tumors of the testis, brain, or liver.
Exogenous steroid exposure
PP with feminizing signs may be attributable to estrogen exposure from creams, oils, or sprays (e.g. EvaMist) (90) prescribed for caretakers, or from exposure to lavender or tea tree oil, which have estrogenic activity (91) . Synthetic environmental endocrine disruptors such as bisphenol A also appear to have estrogenic effects that may alter the course of normal pubertal development (92), although the mechanisms and extent of these effects are still being explored.
Exogenous androgen exposure from creams or gels containing testosterone or ⌬4-A may precipitate PP with other androgenic signs, usually in the absence of elevation of androgen precursors, thus mimicking PA (93) . Importantly, it should be noted that exogenous steroids need not be applied directly to the patient but may be transferred via skin-to-skin contact (90, 93) .
Laboratory and imaging assessment
A definitive algorithm for the evaluation of PA cannot be recommended because some variance is due to the clinical concern of the physician. In our practice, all patients with PA receive baseline blood tests for androgens (testosterone, ⌬4, DHEAS), gonadotropins (LH and FSH), and 17OHP. Thyroid studies (TSH and free T 4 ) are ordered if hypothyroidism is suspected. If early morning 17OHP is above 200 ng/dl, an ACTH-stimulation test to evaluate for NC-CAH is indicated (89) . In boys, ␤-hCG should be obtained to rule out an hCG-secreting tumor.
The decision to order imaging studies is based on clinical impression and results of initial laboratory evaluation. Rapid virilization or physical signs of precocious puberty are indications to obtain an x-ray of the left hand to determine bone age. If initial studies show very elevated DHEAS, abdominal ultrasound may be indicated as an initial screen to evaluate for adrenal neoplasm. Abdominal computed tomography or magnetic resonance imaging is indicated if a mass is noted, although controversy still exists regarding which of these is preferred. Similarly, ultrasonographic evaluation of the ovaries or testes may be indicated if significantly elevated testosterone or ⌬4-A is found, if a testicular mass is palpated, or if there is significant testicular asymmetry. Elevated ␤-hCG in boys should prompt an evaluation for the presence of a tumor of the testis, liver, or brain. Finally, brain magnetic resonance imaging with contrast may be indicated in precocious puberty (especially in boys), or if there is any suspicion of central nervous system pathology.
Management
Once the diagnosis of PA is made, families should be counseled regarding the increased risk of early puberty and should be given instructions to return promptly if marked growth acceleration or progressive virilization occur. In the majority of cases, when clinical and laboratory findings are consistent with typical PA, these children may be followed by a general pediatrician, family physician, or pediatric endocrinologist at approximately 6-month intervals, with some variation in the frequency of follow-up depending on the preference of the physician. Careful assessment of growth velocity, weight gain, and progression of signs of androgen excess are indicated. Yearly fasting measures of IR (such as FGIR) and lipid levels are recommended, particularly if there has been significant weight gain. Some clinicians follow adrenal androgen levels.
Most children do not demonstrate rapid pubertal progress or bone age advancement and do well with lifestyle interventions. However, should the rate of pubertal changes suddenly accelerate, a bone age and androgen levels (testosterone, ⌬4, DHEAS) should be repeated to reassess the child's status. If not previously performed, an ACTH-stimulation test should be conducted to exclude defects of adrenal steroidogenesis.
In our practice, we continue to follow girls with a history of PA at least yearly after menarche. We encourage continued adherence to a low-fat, low-glycemic index diet and regular exercise. If menstrual regularity has not been established 2 yr after menarche, additional evaluation is undertaken to assess ovarian steroids, and a pelvic sonogram is obtained. At that point, we may recommend metformin, particularly if there is evidence of IR, and/or an oral contraceptive pill.
Areas of current controversy
Pharmacotherapy
In pediatrics, medications are usually employed to treat a disease. However, it is not clear whether PA, per se, qualifies as a disease, although it often is an antecedent to adolescent and adult metabolic disease, androgen excess, or PCOS. Because PA does not always progress to a state of metabolic dysregulation, the question of how to identify which young children require pharmacotherapy remains. If we view PA as a potential antecedent of adult disease, earnest thought must be given to the benefit of early intervention with altered lifestyle and/or medical therapy. Because treatment may be continued for years, the longterm risk of pharmacological intervention must also be carefully weighed.
A common factor in the progression of metabolic disturbances associated with PA is IR, a feature shared with PCOS. In PCOS, metformin has been reported to have salutary effects on menstrual irregularity, fertility, weight, and hyperandrogenism (94, 95) . However, studies of the effects of metformin treatment on metabolic changes in young patients and populations at risk for PCOS have been limited. Metformin acts through AMP kinase, a regulator of energy metabolism that restores ATP levels by switching on catabolic pathways (glycolysis, fatty acid oxidation) and switching off gluconeogenesis. AMP kinase may also affect reproductive functions including granulosa cell steroidogenesis, nuclear oocyte maturation, and hypothalamic LH secretion and may be involved in adipokine signaling. Other effects of metformin include increased glucose uptake through facilitation of glucose transporter translocation to the plasma membrane, increased insulin receptor tyrosine kinase activity, and reduced availability of IGF-1 through increased IGFBP-1 (95) .
Although formal guidelines are not presently available for pharmacotherapy in PA, preliminary studies suggest that in girls with PA and a history of low birth weight and rapidly progressive puberty, metformin may reverse the trends of advancing weight gain, increasing truncal fat mass, and lipid abnormalities (75) . Ibá ñ ez et al. (96) also used metformin in an effort to halt the advancement of rapidly progressive puberty in girls as young as 8 yr of age. After 4 yr, girls in the treated group were thinner, less insulin resistant, and less hyperandrogenic; had less visceral fat; and had lower IGF-1 levels than untreated girls (96) .
A recent 6-yr, randomized, controlled, longitudinal study of metformin treatment in 38 girls with PA and a history of being small for gestational age, who were thus at high risk for development of early menarche and PCOS, demonstrated the lasting beneficial effects of metformin for at least 1 yr after termination of treatment. Adolescents who were previously treated with metformin had later menarche compared with controls, accompanied by a more normal distribution of age at menarche. More than 2 yr after menarche, treated adolescents had less IHL and VAT, greater lean mass, and lower testosterone and fasting insulin levels compared with controls (97) . During treatment, IGF-1 levels were significantly lower in the treatment group (98) , but treated adolescents were closer to their target heights at 2 yr after menarche (97) .
Despite promising results of metformin therapy, longer-term studies in larger populations are needed before universal recommendations for drug therapy can be made.
Back to the Patient
Age 5 4 ⁄12 yr
At the time of presentation, EA had signs of androgen excess, i.e. growth acceleration and onset of body odor and pubic hair. Although she had a normal newborn screen for 21-hydroxylase deficiency, it is not usually positive for patients with NC-CAH. Additionally, EA's family history may suggest NC-CAH, given her Ashkenazi ancestry and her father's history of acne and early frontal balding. However, EA's normal 17OHP on initial evaluation was not suggestive of NC-CAH. Her negative history of exposure to steroidcontaining compounds excludes an exogenous source of androgens or estrogens.
On physical examination, the absence of clitoromegaly supported the diagnosis of PA rather than a pathological virilizing process. Lack of breast tissue and prepubertal gonadotropins were not consistent with early puberty. Although her parents were tall, her increase in growth velocity was suspicious. However, her bone age was not significantly advanced, and her adrenal androgens were concordant with her Tanner II stage of pubic hair development. These findings exclude an adrenal tumor as the cause of her PP. It is noteworthy that even at this young age EA demonstrated elevated triglycerides and a slight decrease in her FGIR suggestive of early IR, which could be consistent with the adipose-tissue expandability hypothesis (69) .
Age 10 9 ⁄12 yr
EA had onset of breast tissue at a normal age but had relatively early menarche. Mean age of menarche for Caucasian females is close to 12 yr (81, 99) . At this time, she was overweight and had excess facial and body hair and comedones. Hirsutism may be associated with adrenal hyperandrogenism or may be an early manifestation of PCOS.
With bone age advancement, EA's height prediction was in the lower range for her midparental sex-adjusted target height, although she was still within the normal range for adult female height. Idiopathic PA is usually not associated with a significantly diminished adult height (4, 5) .
EA's elevated trunk fat, percentage body fat, IMCL, and IHL are all consistent with a picture of developing PCOS and MeS. Ectopic fat deposition refers to accumulation of fat in the skeletal muscle (IMCL), liver (IHL), and trunk (VAT). The progression of IR likely involves ectopic fat deposition in the following sequence: IMCL leads to skeletal muscle IR, followed by dyslipidemia, IHL deposition, hepatic IR, VAT accumulation, and intrapancreatic lipid deposition. This causes the abnormal release of adipokines, resulting in the development of MeS and type 2 diabetes (100). Our preliminary data from nonobese adolescents with PCOS and controls show that IMCL correlates with measures of IR, while IHL correlates with dyslipidemia, supporting this proposed sequence (101).
Age 16 6 ⁄12 yr
EA was counseled on diet and exercise to decrease her relative IR. Two years after the onset of menses, she was started on metformin for persistently irregular cycles and hyperinsulinemia. Although limited long-term data are available on outcomes of girls with PA treated with metformin, this appears to be a reasonable intervention in an attempt to decrease IR. Despite metformin use, she continued to have borderline elevation of her lipids and blood glucose.
During the progression of puberty, her weight percentile stabilized and she did not become hypertensive, although her hormone levels were consistent with ovarian hyperandrogenism or PCOS. The issue of use of oral contraceptive pills in this population is somewhat controversial because they can aggravate low-grade inflammation and adiposity (102) , but oral contraceptive pills can serve to decrease free circulating androgens by increasing SHBG levels and thus result in improvement of acne.
Conclusion
EA's history underscores the need for careful clinical and laboratory follow-up of children with PA. Although many children who present with PA will not have substantial metabolic risk, some indeed are at risk for adult MeS and PCOS. The task of the future will be to identify those at greatest risk and discern who might benefit from both lifestyle changes and early pharmacological intervention. If the inciting event in the cascade leading to PA is, in fact, hyperinsulinemia, efforts to reverse this process with agents such as metformin may prove reasonable.
